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ANATOMY  AlTD  PHYSIOLOGY  OF  ATRINA    (PIEMA)   RIGIDA    (DILLlJITYtl) . 

-:- 
Introductory  &  General. 

Atrina  rigida  occurs  along  the  eastern  coast  of  Amer- 
ica from  the  northern  shore  of  south  America  as  far  north 
as  Cape  Hatteras.   At  Beaufort,  North  Carolina,  where  most 
of  the  ohservations  reported  in  this  paper  were  made,  this 
species  is  confined  to  shallow  v;ater  near  low  tide  mark, 
occasionally  heing  exposed  during  iinusually  low  tides. 
Another  species,  Atrina  serrata  (Rowerhy),  is  found  in  the 
deeper  water  of  the  inlet.  The  largest  specimens  found 
measured  14  x  9  x  3  inches,  but  the  average  size  is  small- 
er, "being  ahout  11  x  8  x  2  l/2  inches. 

Since  every  species  is  adapted  to  its  peculiar  mode 
of  life  certain  anatomical  features  are  better  understood 
when  their  function  is  known.   It  has  therefore  been  my 
purpose  to  study  habits  and  function  as  well  as  anatomy. 

Under  normal  conditions  Atrina  occupies  one  position 
during  its  entire  life,  nearly  buried  in  the  mud,  with  its 
anterior  end  downwards.   The  enormous  byssus  extends  deep 
into  the  mud  and  attaches  to  shells  and  coarse  pebbles. 
Specimens  are  most  easily  collected  in  calm  weather  at 
low  tide  when  they  can  be  seen  extending  an  inch  or  less 


above  the  surface  of  the  mud. 

Although  the  continuity  of  the  narrative  is  thereby 
interrupted  it  seems  advisable  to  treat  the  organs  laider 
separate  headings,  passing  briefly  over  those  which  have 
yielded  nothing  of  particular  interest.   To  avoid  repeti- 
tion the  anatoiriy  and  physiology  of  the  organs  v;ill  be  treat- 
ed together.  The  general  anatomy  is  shown  in  Figs.  16  and 
20. 


The  Shell. 
The  shell  valves  are  large  in  comparison  with  the  size 
of  the  body,  and  they  are  united  to  each  other  along  one 
side  by  a  hinge  ligament  which  extends  in  a  straight  line 
from  their  anterior  to  their  posterior  ends.  The  hinge 
ligament  is  more  or  less  calcified  so  that  it  is  not  great- 
ly different  from  the  other  parts  of  the  shell.  The  outer 
surface  of  each  shell  is  studded  with  spines  which  are 
distributed  in  rows  radiating  from  the  anterior  pointed  end 
as  a  centre  to  the  posterior  end.   Primary,  secondary  and 
tertiary  rows  of  spines  may  be  distinguished  in  the  shell 
of  a  large  specimen.  The  portion  of  the  shell  which  lies 
posterior  to  the  adductor*  consists  of  a  single  layer  in 

*I  refer  here  to  the  posterior  adductor  muscle  and  in  the  fu- 
ture, when  reference  is  made  to  the  adductor,  the  posterior 
adductor  is  to  be  inferred  unless  otherv/ise  stated. 


contrast  to  the  typical  leunellibranch  shell  which  tias  three 
layers,  easily  distinguishable  by  difference  in  structure 
or  material.  This  layer  varies  greatly  in  thickness  in 
different  specimens  but  is  approximately  as  thick  as  the 
shells  of  lamellibranchs  usually  are.   It  apparently  cor- 
responds to  the  middle  or  prismatic  layer  of  the  typical 
lamellibranch  shell,  being  composed  of  prisms  which  lie  at 
right  angles  to  the  surface.  ?^en  the  surface  is  exajnined 
with  a  compound  microscope  it  appears  honey- combed,  v»rhile 
a  transverse  section,  obtained  by  grinding,  looks  not  un- 
like a  lot  of  quartz  crystals  corded  like  wood,   '^ee  "Pig.!. 
A  <^  B.   It  is  possible  to  dissolve  out  the  lime  salts  with 
acid  leaving  behind  only  the  organic  matrix.   This  matrix 
resembles  cork  in  many  respects  but  when  examined  histolog- 
ically it  is  seen  to  have  the  same  gross  structure  as  the 
shell  before  treatment  with  acid  except  that  the  chambers 
formed  by  the  organic  matrix  are  now  empty. 

The  portion  of  the  shell  in  the  region  of,  and  anterior 
to,  the  adductor  is  composed  of  two  layers;  there  being  a 
second  or  nacreous  layer  of  the  ordinary  type  deposited 
upon  the  inner  surface  of  the  prismatic.   This  layer  is 
secreted  by  the  general  surface  of  that  part  of  the  mantle 
which  lines  the  shell  in  these  regions.   'PTien  the  outer  lay- 
er wears  throxigh,  or  becomes  brittle  and  broken,  which  al- 


ways  happens  sooner  or  later,  on  the  older  portions  of  the 
shell,  the  nacreous  layer  is  exposed  and,  except  for  its 
timely  deposition  the  animal  would  he  in  a  sad  condition. 
A  discussion  of  experiments  on  the  growth  and  regeneration 
of  the  shell  will  he  found  at  the  end  of  the  next  Section. 


The  T^antie . 
The  mantle  is  a  muscular  membrane  similar  to  that 
found  in  other  lamellihranches .   Its  folds  adhere  closely 
to  the  shell  but  are  attached  to  it  only  at  a  single  point 
just  ventral  to  the  adductor  muscle.  The  muscles  which  con- 
trol the  ventral  and  posterior  portions  of  the  mantle  are 
attached  heie  and  radiate  from  this  point  as  divisions  and 
sub-divisions  of  a  single  bvmdle.  Another  bundle  of  mus- 
cle fibres  is  located  near  the  dorsal  part  of  the  body. 
It  is  not  attached  to  the  shell  at  any  point  but  is  inserted 
into  the  mantle  itself.   This  bundle  of  mantle  muscles 
also  divides  and  subdivides  into  smaller  and  smaller  bun- 
dles and  is  distributed  to  a  portion  of  the  posterior  part 
of  the  mantle.   Pig.  16.   It  is  thus  seen  that  there  is  no 
pallia!  line  in  the  shell  for  the  attaclrment  of  the  mantle 
muscles,  though  that  is  so  common  among  lamellibranchs. 
Since  the  muscles  are  attached  so  high  up,  the  mantle  margin 


can  be  withdrawn  a  considerable  distance  from,  the  edge  of 
the  shell.   In  fact  it  can  be  withdrawn  nearly  to  the  adduc- 
tor.  After  being  contracted  the  mantle  again  expands  by 
creeping  outv/ard  upon  the  shell  to  which  it  adheres  close- 
ly. This  result  can  not  be  brought  about  at  once.   At 
least  half  an  hour  is  required  for  the  mantle  to  again 
reach  the  edge  of  the  shell  after  having  been  fully  contract- 
ed.  There  are  no  siphons  but  the  two  lobes  of  the  mantle 
are  united  posteriorly  by  an  inter-mantle  septum  at  the 
place  where  siphons  might  be  expected  to  occur.   This 
structure  consists  of  tv;o  prominent  ridges,  one  on  each  man- 
tle lobe,  which  stretch  across  posterior  to  the  gills  to 
meet  each  other  in  the  mid  line.  'Each   mantle  ridge  is  con- 
tinued anteriorly,  though  reduced  in  size,  and  forms  the 
place  of  attachment  for  the  upper  borders  of  the  reflexed 
lamellae  of  the  outer  gills. 

On  account  of  the  position  assumed  by  Atrina  only  the 
posterior  portion  of  the  mantle  is  exposed  to  frequent 
sensory  stimulation.   Connected  with  this  fact  we  find  that 
the  edge  of  each  mantle  lobe  has  a  row  of  short  sensory 
tentacles,  which  decrease  in  size  and  gradually  disappear 
toward  the  anterior  end.  This  part  of  the  mantle  is  thick 
and  muscular,  as  an  adaptation  to  burrowing.   A  deep  narrow 


passage  or  groove  formed  by  the  development  of  two  tall 
ridges  on  the  inner  surface  of  the  mantle  is  also  correlated 
with  burrowing.  Pig.  16-D.This  groove  lies  parallel  to 
the  edge  of  the  mantle  and  extends  from  the  region  of  the 
foot  to  the  inter  mantle  septum  where  it  approaches  the 
edge  of  the  mantle.   The  cilia  within  this  groove  beat  to- 
ward the  posterior  to  produce  currents  that  continually  re- 
move foreign  bodies  from  the  mantle  chamber.   Any  large 
particle  of  dirt  or  sand  which  enters  the  mantle  chamber 
soon  finds  its  way  into  this  ciliated  passage  and  is  carried 
forthwith  to  the  exterior. 

In  order  that  Atrina  may  maintain  its  position  in  the 
mud  throughout  life  it  must  burrow  more  or  less.   The  bottom 
about  it  is  sure  to  be  shifted  considerably  by  the  tides, 
thus  tending  to  uproot  or  cover  up  fixed  objects  on  its  sur- 
face.  This  process  was  observed  last  year  on  the  very  beds 
where  Atrinas  were  found  most  abimdant .   During  the  summer 
of  1908  they  were  covered  by  eel  grass  while  a  year  later 
this  grass  had  entirely  disappeared  and  the  character  and  depth 
of  the  bottom,  had  changed  to  a  noticeable  extent.   Atrinas, 
while  undisturbed  in  their  natural  surroundings,  were  never 
seen  to  burrow.   But  the  method  of  burrowing  was  frequently 
observed  v;hen  they  were  removed  and  again  partially  buried 


with  the  anterior  end  downwards.  The  shell  valves  were 
opened  wide  bj-  the  relaxation  of  the  adductor  muscle,  the 
edges  of  the  posterior  part  of  the  mantle  lobes  were  brought 
together  firmly  to  prevent  the  escape  of  water  in  this  di- 
rection. Then  followed  the  contraction  of  the  adductor, 
forcing  water  from  the  mantle  chamber  at  the  anterior  end. 
The  force  of  the  expelled  current  makes  the  water  fairly 
boil,  washing  up  quantities  of  sand  and  mud  from  beneath. 
This  process  was  usually  repeated  several  times  at  inter- 
vals of  four  or  five  seconds  and  then  there  followed  a 
period  of  rest  during  which  the  sand  and  mud  which  had  en- 
tered the  mantle  chamber  during  the  burrowing  movements  was 
removed  through  the  ciliated  groove.   This  heavy  material  was 
expelled  over  the  posterior  edge  of  the  shell  in  surprising- 
ly large  quantities  in  a  short  time.  This  accomplished,  the 
burrowing  movements  were  resi;imed.   The  settling  of  the  speci- 
men was  very  gradual  but  in  the  course  of  ain  hour  one  could 
see  that  it  had  sunk  three  or  four  inches.   Although  the 
ciliated  groove  is  of  service  in  removing  solid  particles 
which  enter  the  mantle  chamber  with  the  respiratorj'  current, 
I  think  it  is  an  especial  adaptation  for  removing  the  heavier 
bodies  which  enter  the  mantle  chamber  during  burrowing  move- 
ments. 
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A  number  of  Atrinas  were  laid  upon  their  sides  to  see 
if  they  would  bury  themselves.  The  results  were  practi- 
cally negative,  for  althou^iJi  they  were  left  for  weeks  in 
this  position,  not  one  made  any  attempt  to  bury  itself.  They 
seemed  to  thrive  as  well  in  this  position  as  in  any  other 
and  none  were  seen  to  make  movements  which  could  be  con- 
strued as  an  attempt  to  assume  the  normal  position.  Mr. 
Charles  Hatsel,  official  collector  at  Beaufort,  in  v/hose 
charge  certain  experiments  were  left,  dtiring  the  winter,  re- 
ported that  one  specimen  buried  itself  as  far  as  the  box  in 
which  it  v/as  kept  would  permit . 

Atrina  is  a  particularly  good  subject  for  experiments 
upon  the  growth  and  regeneration  of  the  shell  because  of 
the  great  rapidity  vith  which  it  is  produced.  When  one 
breaks  a  piece  from  the  posterior  or  ventral  edge  of  the 
shell,  the  mantle  in  this  region  becomes  particularly  ac- 
tive in  mending  the  breach,  a  strip  one  tenth  of  an  inch  in 
width  often  being  produced  in  twentj^-four  hours,  the  amount 
varying  in  different  specimens  between  one  eighth  and  one 
tv/elfth.   In  one  instance  a  hole  which  measured  approximate- 
ly one  half  by  three  fourths  of  an  inch  was  cut  in  the  shell 
of  a  vigorous  young  Atrina  with  the  result  that  it  was  re- 
paired in  three  days.   Experiments  performed  to  determine 


what  parts  of  ths  mantle  are  capable  of  producing  shell  go 
to  show  that  this  power  belongs  only  to  the  very  edge,  ajid 
is  probably  confined  to  a  small  portion  of  modified  epithe- 
Hum  located  in  a  groove  in  the  edge  of  the  mantle.  Fig. 2- A.  When 
a  notch  was  formed  in  the  shell  by  breaking  out  a  piece, 
the  edge  of  the  mantle  was  quickly  applied  to  the  bottom  of 
it  with  the  result  that  it  was  soon  built  up  even  with  the 
general  level  of  the  edge  of  the  shell.  When  holes  were  cut 
in  the  shell  at  a  great  distance  from  the  edge  to  see  if 
other  portions  of  the  mantle  could  produce  shell,  it  was 
found  that  the  mantle  edge  was  drawn  back  to  these  places  and 
remained  there  vintil  they  v/ere  repaired.  Although  conclu- 
sive proof,  that  only  the  edge  of  the  mantle  can  produce 
shell  is  lacking,  there  is  abundant  evidence  that  Atrina 
generally  repairs  all  injuries  to  the  shell  with  this  part 

of  the  mantle  and  it  seems  safe  to  assume  that  shell  forma- 

» 
tion  is  confined  to  this  portion. 

As  stated  in  a  previous  section,  the  outer  surface  of 

the  shell  bristles  with  spines  which  are  distributed  in  rows. 

They  have  the  same  prismatic  structure  as  the  shell  and  like 

it  they  are  secreted  by  the  edge  of  the  mantle.  When  fully 

*  This  refers  only  to  the  prismatic  layer.   The  second  layer 
which  is  laid  upon  the  inner  surface  of  the  shell  at  the 
anterior  end,  is  secreted  by  the  whole  epithelii^i  of  the 
mantle  of  this  region. 
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formed,  they  are  between  one-half  and  three-fourths  of  an 
inch  in  length,  and,  except  that  they  are  slightly  broader 
at  the  haee  than  at  the  top,  have  the  shape  of  a  half  tube, 
the  hollow  side  of  which  faces  the  edge  of  the  shelii  Dur- 
ing the  growth  period  of  one  of  these  spines  a  little  fold 
or  tongue  of  the  mantle  edge  extends  beyond  the  shell  and 
fits  into  the  hollow  surface  of  the  spine.   In  time,  the 
shell,  by  its  growth  at  the  edge,  extends  beyond  the  spine 
so  that  the  mantle  no  longer  comes  into  contact  with  it. 
This  mode  of  formation  accounts  for  the  fact  that  the  spines 
are  hollow  and  open  towards  the  growing  edge  of  the  shell. 
There  is  no  visible  differentiation  of  the  mantle  edge  in 
the  form  of  permanent  folds  to  which  the  formation  of  the 
spines  is  due.  The  edge  of  the  mantle  opposite  a  rov7  of 
spines  does  not  seem  to  differ  from  that  located  between  two 
rows.  The  tongues  w?iich  creep  out  into  the  spines  are  not 
permanent  structures  but  are  formed  by  a  local  expansion 
of  the  mantle , 

Measurements  to  determine  the  rate  of  growth  of  Pinna 
under  natural  conditions  revealed  slower  growth  than  had 
been  anticipated.   In  seven  weeks  time  some  specimens  in- 
creased one  half  inch  in  length  with  corresponding  increase 
in  breadth.  The  greater  number  grew  only  about  one  fourth 
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of  an  inch  in  this  time  and  the  oldest  speciraene  showed  no 
growth.   It  is  impossilDle  to  estimate  from  these  figures 
the  time  required  for  an  individual  to  reach  maturity  but 
the  fact  is  revealed  that  when  they  reach  a  certain  age 
grovTth  ceases. 

At  the  suggestion  of  Prof.  Andrev/s  I  endeavored  to  dis- 
cover whether  the  calciijm  salts  used  in  shell  formation  are 
taken  directly  from  the  sea  water  or  whether  they  are  taken 
from  the  blood.  The  results  are  not  satisfactory  but  I 
give  thera  for  what  they  are  worth.--  A  notch  was  cut  in  the 
shell  of  a  young  specimen  and  the  broken  edges  were  filed 
until  they  were  quite  smooth.  The  specimen  was  then  placed 
in  artificial  sea  water  which  lacked  only  the  calcium  salts. 
This  water  was  kept  aerated  by  compressed  air.   The  specimen 
applied  the  mantle  edge  to  the  broken  place  in  the  shell  and 
kept  at  work  for  several  hours  without  accomplishing  much. 
Luring  the  fir  st  experiment  which  was  continued  for  twenty- 
four  hours  onl2^  about  one  tenth  as  much  shell  was  produced 
as  would  have  been  formed  londer  normal  conditions.  However, 
enough  was  produced  to  be  plainly  visible  and  when  it  was 
removed  and  examined  under  the  microscope  it  showed  normal 
structure  and  effervesced  when  hydrochloric  acid  was  added. 
Several  similar  experiments  vfere   tried  but  no  perceptible 
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growth  of  shell  '-vas  obtained.   In  the  first  experiment  the 
chemicals  used  were  not  C.P.  and  may  have  had  some  calcium 
in  them,  and  this  may  account  for  the  lack  of  uniformity  in 
the  results.   It  was  impossi'ble  to  keep  the  specimens  in 
good  condition  for  twenty-four  hours  in  this  artificial  sea 
water  and  on  this  account  I  think  it  unwise  to  draw  hard  and 
fast  conclusions  from  the  experiments.   The  method  seems 
worth  trying  under  more  favorahle  conditions.   Recently 
the  question  has  been  raised  as  to  whether  animals  which 
live  in  a  water  medium  can  take  nourishment  from  it  through 
the  general  body  surface.       It  seems  quite  possible  that 
lamelllbranchs  take  the  lime  salts  from  the  water  directly, 
rather  than  indirectly  from  the  digestive  tract.   If  lamelli- 
branchs  elaborate  shell  from  calcium  salts  in  the  blood  its 
supply  must  be  continually  replenished  judging  from  the  above 
experiments  which  indicate  that  these  specimens  could  not 
make  much  headway  from  stores  already  present  in  the  body. 


The  Mantle  Gland. 
A  large  muscular  structure,  v/hich  appears  from  its 
connections  to  have  been  developed  from  the  mantle,  lies  in 
the  cloacal  chamber.   It  resembles  the  foot  in  many  respects 


13 


and,  like  it,  can  be  extended  hy   blood  pressure. 

When  extended  it  "becomes  slender  and  may  reach  a 
length  of  nearly  six  inches,  "but  when  contracted  it  is  short 
and  thick.   Upon  its  tip  it  bears  a  large  mucous  gland.  Pig. 
16-M.This  peculiar  organ  is  not  commonly  found  in  lamelli- 
branchs,  being  confined  to  the  Pinnidae.  Many  specimens  were 
examined  in  their  natural  habitat  and  in  the  laboratory  for 
the  purpose  of  learning  its  fimction.   So  long  as  a  speci- 
men is  undisturbed  this  glandular  structure  is  likely  to 
lie  quietly  in  the  cloacal  chamber,  but  'hen  the  mantle  is 
irritated,  for  example, by  breaking  off  part  of  the  shell,  it 
becomes  active  and  moves  about  in  every   conceivable  direc- 
tion.  It  was  frequently  pushed  far  down  into  the  branchial 
chamber  toward  the  point  of  irritation.  When  grains  of  sand 
were  put  upon  the  mantle  it  sometimes  succeeded  in  brushing 
them  off  after  several  trials  and  much  aimless  maneuvering. 
While  moving  about  the  glandular  tip  is  usually  kept  pressed 
against  the  mantle  and  appears  to  be  sweeping  its  surface. 
It  seems  to  be  a  "swab"  for  the  purpose  of  freeing  the  mantle 
of  any  foreign  body  which  may  lodge  upon  it. 

Why  the  Pinnidae  need  such  a  structure  is  difficult  to 
determine  since  other  laraellibranchs  get  on  without  it,  the 
cilia  on  the  inner  surface  of  the  mantle  being  equal  to  the 
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task  of  keeping  it  clean.  The  position  assumed  "by  Atrina  is 
one  of  disadvantage  for  removing  debris.   It  has  heen 
pointed  out  that  great  quantities  of  dirt  and  sand  do  enter 
the  mantle  cham"ber  and  this  must  all  be  raised  vertically 
to  the  edge  of  the  shell  for  expulsion  so  that  structures 
especially  adapted  to  this  purpose  are  to  be  expected  and 
the  mantle -gland  is  probably  such  a  structure. 

The  mantle- gland  is  much  less  compact  in  structure 
than  the  foot.   On  the  outside  there  is  an  epithelial  cover- 
ing which  is  glandular  only  at  the  tip  of  the  organ.  Here 
the  cells  are  very  much  elongated  and  they  contain  a  large 
amount  of  secretion  in  the  form  of  granules.  Immediately 
beneath  the  epitheliiim  there  is  a  band,  or  cylinder  of  longi- 
tudinal muscle  fibres.  They  are  attached  to  the  organs  at 
the  base  of  the  gland  for  support.  Many  of  them  spread  out 
over  the  adductor,  into  which  they  are  inserted.   They  are 
so  distributed  in  the  gland  that  they  can  control  the  direc- 
tion of  its  movement  provided  that  they  do  not  all  contract 
at  the  same  time.  The  shortening  of  the  gland  is  also  brought 
about  by  the  contraction  of  these  muscles.  The  central  part 
of  the  gland  is  composed  of  very  open  connective  tissue 
and  a  few  transverse  muscle  fibres. 
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The  Labial  Palps . 
The  palps  consist  of  tifl^o  thin  muscular  lamellae  which 
extend  across  the  anterior  end  of  the  body,  one  above  and 
the  other  below  the  mouth.  Their  outer  ends  are  roughly 
triangular  in  shape  and  lie  alongside  the  body.  The  epithe- 
lium lining  the  palps  is  continuous  with  that  of  the  mouth 

(2) 

and  Dre-.7^    has  aptly  likened  these  structures  to  a  pair 

of  drawn  out  lips.   They  are  essentially  alike  in  many  lame  Hi' 
branchs  but  vary  greatly  in  size  and  shape  in  different 
species.   In  Atrina  they  are  comparatively  large  and  consist 
of  two  well  defined  portions.   That  part  which  lies  near 
the  mouth  is  narrow  and  is  lined  by  a  smooth  ciliated 
epithelium,  while  the  outer  triangular  portion  is  broad  and 
is  lined  by  an  epithelium  that  is  thrown  into  a  series  of 
prominent  ridges  and  grooves  large  enough  to  be  plainly 
seen  without  magnification.   Posteriorly  the  palps  enclose 
the  anterior  ends  of  the  gills  and  it  is  their  function  to 
transport  the  food  collected  by  these  organs  to  the  mouth. 
An  extra  projecting  membrane  is  present  on  the  ventral 
border  of  the  inner  palp  which  folds  up  over  the  outer. 
Fig.  In. 
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The  Gi_lls_. 
There  are  two  large  gills  on  each  side  of  the  body 
which  extend  parallel  to  its  longitudinal  axis  from  the 
neighhorhood  of  the  mouth  almost  to  the  posterior  extremity 
of  the  mantle.   Fig,  16.  They  are  attached  to  the  hody  by 
a  suspensory  membrane  in  the  usual  manner.   Pig.  9,   The 
gills  are  much  alike  except  that  the  inner  one  of  each  pair 
is  somewhat  broader  than  the  outer  and  hence  reaches  below 
its  fellow.  They  are  pointed  at  the  extremities  and  an- 
teriorly are  enclosed  by  the  palps.  Each  gill  consists  of 
two  lamellae  which  lie  close  together;  or  perhaps  it  is  more 
correct  to  think  of  it  as  being  composed  of  a  single  lamel- 
la which  has  been  folded  upon  itself.   According  to  this 
conception  the  gill  consists  of  a  direct  and  a  reflexed 
lamella,  the  two  being  continuous  at  the  free  edge  of  the 
gill.   Various  anatomical  and  embryological  studies,  es- 
pecially  those  of  Lacaze  Duthiers  and  Peck   ■"'   show  this  to 
be  the  correct  interpretation.   The  two  lamellae  are  united 
to  each  other  merely  by  blood  vessels  which  pass  from  the 
one  to  the  other.  The  inter-lamellar  space  is  not  parti- 
tioned off  into  definite  parallel  water  tubes  by  continuous 
septa  but  is  imdivided  except  for  the  scattered  blood  vessels 
which  traverse  it.   The  only  place  where  there  is  anything 
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resemlDling  true  interlamellar  septa  is  at  the  upper  borders 
of  the  gills  where  non-vascular,  or  only  partially  vascular, 
strands  bind  the  two  lamellae  together.  At  the  outer  free 
edge  of  the  gill  they  are  bound  firmly  together  by  lacunar 
connective  tissue  and  by  a  continuous  plate  or  cord  of  mus- 
cle whose  fibres  run  longitudinal  to,   rather  than  transverse 
to  the  gill.   By  its  contraction  the  gill  is  shortened  and 
folded.   A  large  nerve  lies  iTTunediately  above  this  muscle, 
but  I  have  made  no  attempt  to  sxiudy  its  distribution. 

Each  gill  XB   attached  to  the  suspensory  membrane  by 
one  lamella  only  as  is  common  among  lamellibranchs.   The 
inner  lamella  of  the  outer  gill  and  the  outer  lamella  of  the 
inner  gill  are  attached  to  the  suspensory  membrane  as  far 
back  as  the  adductor  muscle.  From  this  point  they  are  at- 
tached to  each  other.  The  outer  lamella  of  the  outer  gill 
is  attached  to  a  ridge  on  the  mantle  (the  same  as  that  men- 
tioned above).  The  inner  lamellae  of  the  inner  gills  of  the 
two  sides  are  united  to  each  other,  except  at  the  extreme 
anterior  where  for  a  space  of  1/2  inch  or  so  they  are  at- 
tached to  the  sides  of  the  byssal  apparatus  which  with  the 
foot  extends  ventrally  at  this  point .   The  attachments  of 
the  gills  together  with  the  inter-mantle  septum  thus  cut  off 
a  system  of  supra-branchial  passages  from  the  general  mantle 
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cavity.   A  section  across  the  lioiy   shows  that  there  are 
three  of  these  which  are  diagramatically  represented  in  Pig. 
2,(1,  2  and  3.)  A  section  taken  posterior  to  the  visceral 
mass  would  shOT  only  a  single  suprahranchial  passage,  the 
three  having  been  thrown  together  at  the  termination  of  the 
suspensory  merahranes.  This  single  suprabranchial  passage 
lies  "below  and  posterior  to  the  adductor  muscle  and  for  dis- 
tinction might  "be  called  the  cloacal  cham"ber.   The  direct 
lamellae  are  outgrowths  from  the  suspensory  mera'brane  and  hence 
there  is  a  firm  organic  union  between  them.   On  the  other 
hand, the  attachment  of  the  upper  borders  of  the  reflexed 
lamellae  to  the  neighboring  parts  sind  of  the  ridges  on  the 
mantle  to  each  other,  to  form  the  intermantle  septum,  is 
merely  an  interlocking  of  cilia  so  that  they  can  be  torn 
apart  without  doing  the  slightest  injury  to  the  animal. 
Only  a  slight  pull  is  necessary  to  separate  them.   In  this 
way  the  branchial  and  suprabranchial  chambers  can  be  thrown 
together.   In  fact  the  animal  can  maintain  them  separate  or 
throw  them  together  apparently  at_  will.  These  unions  com- 
monly show  an  interlocking  of  the  epithelial  cells  as  well 
as  the  cilia,  and  sometimes  the  epitheli\;im  of  the  opposed 
surfaces  is  thrown  into  a  series  of  ridges  and  grooves  thus 
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producing  a  firmer  union.  Altliough.  Lacaze  Luthiere  and 
PecR-^^^have  descrilDed  forms  in  which  there  is  a  weak  union 
between  the  upper  borders  of  the  reflexed  lamellae  and  the 
mantle,  they  did  not  descrlloe  the  actual  mode  of  union.   Their 
purpose  in  the  description  was  to  show  the  transition  be- 
tween those  forms  which  have  the  mantle  edge  free  and  those 
which  have  it  permanently  united  to  the  neighboring  parte. 
Grobben  hae  shown  that  this  weak  union  is  by  means  of  inter- 
locking cilia  and  he  considers  it  to  be  universal  among  the 
Ariculidae.  He  states  also  that  when  the  opposed  surfaces 
are  forcibly  separated  they  will  reunite  in  a  short  time  if 
undisturbed.  The  evidence  upon  which  this  assumption  was 
based  was  his  observations  on  the  gill  of  Mytillus.  Here  he 
found,  what  Lacaze  Duthiers  had  already  described,  that  the 
ciliary  interfilaraantar  connectives  would  re-form  after  being 
separated.   Stenti   demonstrated  that  the  reflexed  lamellae 
of  the  gills  of  Pinna  and  Solen  would  reunite  to  adjacent 
parts  after  being  separated  from  them  and  I  have  confirmed 
the  same  for  Atrina.   I  separated  the  gill  from  its  attach- 
ment to  the  mantle  for  a  distance  of  two  inches.  When  ex- 
amined several  hours  later  it  had  effected  a  union. 
Stenta  thinks  that  this  type  of  union  between  the  gills 
and  mantle  is  of  much  more  general  occurrence  than  has  been 
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supposed,  suggesting  that  it  may  occur  in  those  forme  in 
which  the  gills  have  been  described  as  free.  He  maintains 
that  in  life  they  are  never  separated  unless  "by  accident, 
"but  he  is  probably  in  error  because  I  observed  the  mantle 
gland  which  normally  lies  in  the  cloacal  chamber,  extending 
far  down  into  the  branchial  chamber.  This  could  not  take 
place  so  long  as  the  gills  retained  their  connection  with 
each  other. 

TTien  magnified  sufficiently  each  lamella  is  seen  to  be 
thro'Jim  into  a  series  of  folds  (grooves  and  ridges).   These 
structures  are  barely  visible  to  the  unaided  eye  as  a  series 
of  parallel  lines  running  across  the  gill  perpendicular  to 
its  base.  Each  ridge,  Fig.  3,  is  composed  of  from  10-12 
hollow  filaments  which  are  slightly  separated  from  each  other. 
The  latter  are  bound  together  at  regular  intervals  by  tubular 
interf ilamentar  connectives  which  are  somewhat  larger  than 
the  filaments  and  run  at  right  angles  to  them.   These  two 
sets  of  tubules  thus  form  a  trellisv/ork  in  which  the  spaces 
between  are  the  ostea  through  which  water  enters  the  gill 
from  the  branchial  chamber.  Fig.  4.   The  one  or  two  fila- 
ments which  occupy  the  summit  of  the  ridge  differ  somewhat 
from  the  others  in  that  they  contain  numerous  goblet  cells 
whose  stick}''  secretion  entangles  minute  organisms  as  they 
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are  carried  over  the  gills  in  the  respiratory  current.  The 
filaments  and  ridges  of  one  lamella  do  not  pass  directly 
over  into  those  of  the  other  but  gradually  decrease  in  size 
and  disappear  as  they  approach  the  edge  of  the  gill.  There 
is  a  deep  groove  v;ith  smooth  walls  in  the  edge  of  each  gill 
which  is  lin§d  hy  ciliated  epithelium.  Pig.  2-G.  There  is 

no  fusion  of  filaments  due  to  crowding  as  has  been  described 

(13  ) 
by  Rice  for  cardium  and  other  forms. 

The  grooves  -which  lie  between  the  ridges  just  describ- 
ed are  not  filamentous  in  structure  but  are  lined  by  a  con- 
tinuous finely  ciliated  epithelivmi,  below  which  there  is  a 
large  crescent  shaped  rod  of  chitinous  material  for  giving 
rigidity  and  elasticity  .to  the  gill.  Pig.3-G.  Running  along 
the  floor  of  each  groove  within  the  cavity  of  the  gill  there 
is  a  large  blood  vessel.  Each  is  connected  with  the  similar 
vessels  v;hich  lie  next  to  it,  at  regular  intervals,  by  small- 
er tubes  which  are  the  interf ilamentar  connectives  already 
described  as  binding  the  filaments  together.   All  of  these 
structures  are  hollow  and  the  cavities  of  all  are  in  open 
communication.   Thus  v/hen  blood  enters  the  gill  it  penetrates 
every  part,  including  the  filaments  and  interf ilamentar  con- 
nectives. Fig.  4.   It  is  corrmion  to  regard  the  structures 
which  occur  betv^een  two  folds  of  the  lamella  as  a  large  mod- 
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if led  filament,  or  as  a  single  filament  with  its  subsequent 
development  of  subfi lament ar  lacimar  tissue,  and  there  is 
some  evidence  that  this  is  correct,  vizi   the  epitheli\an 
lining  the  ciliated  groove  is  continuous  with  that  of  the 
hlood  vessel.   Pig.  3-E.   At  the  edge  of  the  gill  also  the 
resemblance  becomes  much  more  striking  where  it  assimies 
clearly  the  appearance  of  a  filament. 


Structure  of  the  Filaments. 
The  structure  of  the  individual  filaments  is  best  made 
out  in  cross  sections  such  as  that  represented  in  Fig.  5. 
Each  is  composed  of  a  simple  epithelium  which  is  lined  by  a 
very  thin  layer  of  chitinous  material  resembling  a  cuticle .Fig. 5-C 
PecK^^' considers  this  lining  cuticle  to  be  modified  lacunar 
tissue.   Sometimes  protoplasmic  corpuscles  can  be  seen  lying 
upon  its  inner  surface  but  none  have  been  detected  within  it. 
There  are  no  transverse  bridges  of  this  material  such  as  are 
uniformly  present  in  the  filaments  of  the  lower  forms,  Area, 
Mytilus  and  Pecten.   It  has  commonly  been  supposed  that  the 
septum  in  these  forms  divides  the  cavity  of  the  filament  into 

two  blood  channels i  the  one  afferent,  the  other  efferent, 

(2) 
and  this  view  seems  well  founded.   Drew  ty  use  of  injec- 
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tione  foimd  that  in  Pecten  this  bridge  had  no  such  physio- 
logical significance.  He  has  therefore  suggested  that  it 
may  serve  to  prevent  the  walls  of  the  filament  from  spread- 
ing v-nder  the  pressure  of  the  enclosed  hlood  which  might 
close  the  incurrent  ostea  of  the  gill.  He  thinks  that  fiir- 
ther  evidence  on  gills  of  sim.ilar  structure  might  throw 
fiirther  light  upon  this  interesting  point.  The  gill  of 
Atrina  is  made  up  on  exactly  the  same  plan  as  regards  the 
shape  of  the  filaments  and  amount  and  kind  of  interf ilamen- 
tar  connectives  and  yet  there  is  no  septum  dividing  the  blood 
channel  into  two  parts.  It  seems  better  to  regard  this 
structure  as  a  partition  which  divides  the  blood  space  of 
the  filament  into  two  blood  channels  because  it  is  known  to 
serve  this  purpose  in  Arca.^^^   In  Pecten  where  the  circula- 
tion of  the  blood  has  been  changed  from  the  original  type  it 
no  longer  serves  this  function  but  remains  as  a  functionless 
membrane . 

The  outer  surface  of  each  filament  is  ciliated  and  three 
cells  on  each  side  have  a  tuft  of  long  cilia.  Pig.  5.  The 
latter  point  outwards  and  are  usually  regarded  as  having  a 
straining  function,  preventing  food  particles  from  entering 
the  interlamellar  cavity  with  the  water  currents.   If  the 
usual  interpretation  is  correct  they  have  nothing  to  do  with 
the  production  of  water  currents. 


24 


The  laro;er  blood  channels  of  the  gill  show  a  structure 
similar  to  that  of  the  filaments.   There  is  a  one  layered 
epithelium  on  the  outside  which  is  ciliated  for  the  most 
part  and  contains  numerous  gohlet  cells, (prohahly  mucous 
secreting  cells.)  Lining  the  epithelium  inside  the  vessel 
there  is  more  or  less  of  lacuinar  tissue  which  has  retained 
its  primitive  character.   It  contains  scattered  nuclei  and 
its  lactinar  nature  is  easily  made  out.   I  find  no  evidence 
of  an  endothelium,  which  has  been  described  by  Bonne t^^ 'and 
MenegatL>.  ^^ .  The  vessels  frequently  contain  bixndles  of  mus- 
cle fibres  and  nerves  v/hich  run  from  the  attached  border  to 
the  free  border  of  the  gills.   Their  distribution  has  not 
been  studied,  but  Pig.  3  shows  their  position. 


The  Course  of  the  Circulation  in  the  Gills. 
Before  giving  the  course  of  the  circulation  in  the 
gills  it  will  be  necessary  to  describe  certain  vessels  which 
carry  the  blood  to  and  from  these  organs,  and  since  the  cir- 
culation is  the  same  for  the  two  sides  it  will  be  necessary 
to  describe  it  in  but  one.  A  very  large  vessel  which  we  will 
call  X,  arising  from  the  kidney,  passes  posteriorly  along 
the  line  of  junction  of  the  two  gills  as  far  as  their  extrem- 
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ities.   ?ig.  20-x.   It  gives  off  numerous  branches  to  the 
right  and  left  which  pass  through  the  inter lame liar  septa 
to  the  upper  borders  of  the  reflexed  lamellae.   These  lateral 
vessels  open  into  one  which  runs  along  the  upper  border  of 
the  lamella.   The  latter  which  will  be  called  vessel  7  in 
further  descriptions  is  a  distributing  vessel  made  necessary, 
it  would  seem,  because  the  main  vessel  from  the  kidney 
takes  its  origin  near  the  middle  of  the  gills  and  hence  no 
blood  could  pass  from  it  to  their  anterior  portions  except 
through  some  such  arrangement.  Fvery   other  one  of  the  larg- 
er vessels  of  the  reflexed  lamella,  Fig.  4-t  which  lie  at 
the  reentrant  angles  of  the  folds,  connects  directly  with 
vessel  y.  Every  alternate  one  ""^ig.  4-v-'-  ends  blindly  at  the 
upper  border  of  the  lamella.   This  was  proven  not  only  by 
the  study  of  sections,  but  by  injections  as  well.   In  the 
same  way  one  half  of  the  larger  vessels  of  the  direct  lamella 
end  blindly  while  the  other  half  connect  with  an  efferent 
vessel  which  runs  along  its  upper  border  carrying  the  blood 
back  to  the  heart  after  being  aerated  in  the  gills.   The 
latter  a  T  shaped  vessel,  one  arm  of  which  lies  in  the  sus- 
pensory membrane  and  carries  blood  from  the  anterior  half  of 
the  gills,  while  the  other  arm  lies  immediately  below  the 
vessel  X.   and  collects  the  blood  from  the  posterior  portions 
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Of  the  gills.   The  two  arms  of  the  vessel  flow  together  just 
anterior  to  the  kidney  and  form  a  rather  wide  tube  disposed 
at  right  angles  to  them.  Pigs.Q-A  and  16-A.    This  tube  is 
perhaps  an  inch  and  a  half  in  length  and  connects  directly 
with  the  auricle. 

Prom  these  connections  it  is  clear  that  the  blood  enters 
the  gills  through  the  reflexed  lamellae  and  leaves  them 
through  the  direct.  When  a  starch  mass  was  injected  into 
the  vessel  x  the  afferent  vessels  of  this  gill  were  injected 
and  the  course  of  the  blood  was  made  out  with  certainty.  The 
mass  first  distends  vessel  x  and  then  passes  to  7,  through 
the  inter  lamellar  septa,  filling  it  from  end  to  end.   The 
mass  now  enters  the  vessels  of  the  gill  which  communicate 
with  vessel  y  and  passes  toward  the  gill's  free  margin. See  Fig. 20, 
Half  of  the  vessels  of  this  reflexed  lamella  are  thus  filled. 
Some  of  the  mass  flows  across  to  the  opposite  lamella  through 
the  inter- lamellar  connections  and  fills  half  of  its  vessels. 
Pigs.  3  and  4-B.  Examination  shows  that  only  those  which 
end  blindly  above  are  filled  with  the  mass  so  that  none  of 
the  injection  mass  finds  its  way  into  the  efferent  vessels 
of  the  gill.   By  injecting  through  the  oracle,  or  the  T 
shaped  vein  which  carries  the  blood  from  the  gills,  it  is 
possible  to  fill  all  the  vessels  of  the  gills  not  already 
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filled  by  injecting  from  the  kidney.   The  mass  first  enters 
the  direct  lamellae  and  spreads  across  to  the  other,   I  have 
a  preparation  in  which  the  afferent  vessels  are  injected  with 
a  hlack  arass  and  the  efferent  with  a  yellow  one  which  brings 
out  the  relat ionsliip  betiveen  them  quite  clearly.   It  is 
evident  that  provision  is  made  for  making  the  blood  pass 
through  the  smaller  vessels  of  the  gill  before  returning  to 
the  heart . 

We  may  conclude  from  evidence  obtained  from  the  injec- 
tions and  anatomical  studies  that  the  blood  enters  the  gill 
through  every  alternate  vessel  of  the  reflexed  lamellae  from 
which  part  of  it  spreads  to  the  right  and  left  in  the  inter 
filaraentar  connectives  and  filaments.   Pig.  4,  I  and  P, 
finally  finding  its  way  into  the  neighboring  vessels  of  the 
same  lamella.   These  vessels  Pig.  4  v  end  blindly  above  so 
that  it  must  yet  pass  across  to  the  opposite  lamella  through 
the  inter -lame liar  connectives  before  finding  its  way  out  of 
the  gill  to  the  heart.   On  the  other  hand  part  of  the  blood 
on  entering  the  gill  passes  at  once  across  to  the  opposite 
lamella  through  the  inter-lamellar  connectives  into  vessels 
which  end  blindly  above.  Prom  these  it  spreads  laterally, 
right  and  left,  in  the  inter  filamentar  connectives  and  fila- 
ments of  this  lamella  and  finally  into  the  neighboring  ves- 
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sels  v/hich  open  freely  above  into  the  vein  which  leads 
back  to  the  heart.   The  general  course  of  the  hlood  in  the 
gill  is  therefore  outward  in  the  reflexed  lamella  and  the 
opposite  in  the  direct,  and  the  vessels  are  so  connected 
that  it  must  pass  through  a  capillary  system  in  one  lamella 
or  the  other  hefore  leaving  the  gills. 

The  relationship  of  vessels  just  described,  holds  good 
for  all  parts  of  the  gills  except  a  narrow  strip  at  their 
outer  free  margin.  Here  it  is  different  and  for  completeness 
must  be  briefly  described.  Here  the  transverse  vessels, 
(inter  lamellar  connectives),  are  very  numerous  and  lie  side 
by  side.   In  the  mid-line  between  the  lamellae  they  fuse  and 
their  cavities  inter-communicate,  forming  a  sort  of  irregu- 
lar sinus.  Here  all  the  vessels  of  the  two  lamellae  seem  to 
be  in  open  communication,  but  the  starch  mass  was  not  forced 
into  them  sufficiently  to  show  this.   If  one  can  rely  upon 
sections  this  is  true.  Blood  which  does  not  find  its  way 
across  to  the  direct  lamella  before  reaching  the  edge  of  the 
gill  does  so  here  by  passing  through  one  of  the  very  numer- 
ous transverse  vessels  which  are  present  in  this  region.   As 
has  already  been  said  these  inter-communicate  and  this  may 
be  an  adaptation  to  take  care  of  the  extra  amoimt  of  blood 
which  flows  through  the  gills  during  muscular  activity  or 
when  the  heart  beats  rapidly,  from  any  cause,  supposing  that 
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the  capillaries  are  not  sufficient  to  accomodate  it  at  such 
times.   Only  a  very  small  part  of  the  blood  .K^asses  around 
the  edge  of  the  gill.   As  has  been  stated  already  the  fila- 
ments disappear  at  the  edge  of  the  gill>  but  it  is  possible 
to  trace  vessels  to  the  edge  where  they  communicate  with 
irregular  spaces  which  pass  around  to  the  opposite  lamella. 

It  is  clear  that  the  blood  does  not  pass,  as  a  whole, 
down  one  lamella  and  up  the  other  as  is  the  case  in  Pecten 

to) 

tenuicostatuB  as  described  by  Drew?'^'  All  the  vessels  of 
the  outer  lamella  of  this  form  are  afferent  and  all  of  those 
of  the  inner  lamella  are  efferent.  He  found  none  ending 

blindly  and  no  cross  connections.   On  the  other  hand  John- 

(6) 
stone   studying  Cardium  edule  fouJid  that  half  of   the 

vessels  of  each  lamella  are  afferent  and  half  are  efferent. 
He  implies  that  the  efferent  vessels  of  each  lamella  open 
separately  into  the  main  efferent  vein,  but  he  does  not  make 
this  plain  and  his  Pigures  24  and  30  are  inconsistent.   If 
we  imagine  the  efferent  vessels  of  the  outer  lamella  as  end- 
ing blindly  above  and  ^ive  them  many  cross  connections  .vith 
those  of  the  opposite  lamella  we  have  practically  the  ar- 
rangement found  in  Atrina  although  the  gills  of  the  two  forms 
differ  considerably  in  other  respects.   As  regards  circu- 
lation the  gill  of  Atrina  is  therefore  intermediate  betv/een 
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those  of  Cardium  and  Pecten,  "but  is  more  nearly  like  Cardium. 


Respiratory  Current . 
The  respiratory  current  in  Atrina  is  reiaarkably  strong. 
^Vhen  specimens  are   as  much  as  six  inches  belO'.v  the  surface 
a  very  considerable  agitation  of  the  water  directly  above 
them  is  perceptable  when  the  respiratory  current  is  running 
full  force.   In  fact  the  'jvater  fairly  boils.   The  mantle, 
being  open,  may  admit  water  at  any  point  ventral  to  the  in- 
ter mantle  septum  and  it  is  expelled  dorsal  to  this  struc- 
ture. V^ile  the  respiratory  current  is  flowing  the  edges  of 
the  mantle  are  brought  quite  close  together  so  that  objects 
of  any  considerable  size  are  prevented  from  entering  the 
mantle  chamber.   It  was  found  difficult  to  get  admission 
even  for  powdered  carmine.  The  sensory  tentacles  detect 
solid  objects  in  the  water  and  the  mantle  closes,  preventing 
their  entrance.  When  one  shell  is  partially  removed  and  the 


Bonnet  describes  a  different  circulation  for  the  gill  of 
Pinna  nobilis,  a  form  so  closely  related  to  Atrina  that  one 
would  expect  to  find  no  fundamental  differences  in  the  cir- 
culation. Menegaux  finds  the  work  of  Bonnet  incorrect.  His 
description  of  the  anH-tomj'  of  the  gill  of  Pinna  agrees  very 
closely  with  mine  for  Atrina,  but  he  gives  a  different  de- 
dscription  of  the  course  of  the  circulation  through  it.   I  am 
inclined  to  think  they  are  the  same. 
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mantle  lote  folded  "back  the  respiratory  current  v/ithin  the 
mantle  chamber  can  sometimes  he  seen.  Powdered  carmine  shows 
strong  currents  sweeping  ainteriorly  in  the  ventral  part  of 
the  mantle  chamber  turning  dorsally  between  and  over  the 
outer  surface  of  the  gills.   The  inflow  of  the  water  seems 
to  be  due  in  part  to  the  action  of  the  fine  cilia  of  the 
inner  surface  of  the  mantle,  but  the  gills,  much  of  whose 
inner  and  outer  surfaces  are  ciliated,  are  evidently  the 
seat  of  the  great  pulling  force. 


yood  Bearing  Currents . 
The  respiratory  current  entering  the  mantle  chamber 
carries  with  it  many  small  objects  in  suspension,  including 
minute  living  organisms.   These  are  not  allowed  to  pass 
through  the  gills,  but  are  filtered  out  and  passed  in  slow 
moving  currents  towards  the  mouth.   These  food  bearing  cur- 
rents are  easily  followed  when  povdered  carmine,  suspended 
in  water,  is  dropped  upon  the  gills.   The  particles  of  car- 
mine are  seen  to  move  outward  to  the  free  border  of  the  gill 
where  they  enter  the  longitudinal  groove  in  its  edge  and 
pass  toward  the  anterior,  finally  reaching  the  palps  between 
which  they  continue  to  the  mouth.   These  respiratory  currents 
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and  food  "bearing  currents  have  long  been  known  and  they  seem 
to  "be  much  the  same  in  all  laraellibranohs.   It  was  thought 
until  recently  that  so  long  as  water  was  flowing  into  the 
mantle  chamber  the  lamellibranch  had  no  choice  but  to  receive 

the  food,  strained  from  it,  into  its  digestive  tract.   In 

(7) 
1900  J.  L.  Kellogg    showed  that  when  food  was  not  desired 

it  could  be  turned  aside  in  the  palps  and  deposited  by  them 
into  backward  moving  currents  in  the  mantle  through  which  it 
was  carried  directly  or  indirectly  to  the  exterior. 
Stenta     working  independently  upon  many  forms  including 
Pinna  came  to  the  same  conclusions.   In  Atrina  I  found  the 
food  bearing  currents  turned  aside  at  about  the  middle  point 
of  the  palps  at  the  anterior  end  of  the  corrugated  portion. 
Here  it  moves  outwards  to  the  edge  of  the  palps  and  then 
posteriorly  to  their  tips,  where  it  leaves  them  to  enter  the 
ciliated  canal  of  the  mantle  which  transports  it  to  the 
exterior.  Whether  lamellibranchs  can  exercise  choice  in 
their  food,  accepting  only  the  part  which  is  desirable,  is 
not  known.   C.  Grave    compared  the  contents  of  the  diges- 
tive tract  of  oysters  with  diatoms  found  in  the  water  above 
their  beds  and  came  to  the  conclusion  that  they  have  the  abil- 
ity to  choose.  J.   L.  Kellogg  read  a  paper  before  the  Amer- 
ican Fociety  of  Zoologists  in  Dec.  1909, in  which  he  stated 
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that  it  is  not  the  nature  of  the  food  "but  the  quantity  of 
it  which  causes  lamellihranchs  at  times  to  reject  it.  ^ITIaen. 
great  quantities  of  food  material  are  carried  to  the  palps 
by  the  gills  they  reject  it.   In  this  case  it  passes  out- 
v;ards  in  the  grooves  of  the  corrugated  portion  of  the  palps 
to  their  outer  borders  and  then  posteriorly  to  their  tips. 
It  then  enters  the  backward  moving  currents  in  the  mantle 
chamber  and  is  expelled. 


The  Circulatory  System. 
In  order  to  tret  a  good  injection  of  the  blood  vessels 
it  was  necessary  to  narcotyze  the  specimens.   Otherwise  they 
would  contract  to  such  an  extent  as  to  make  the  relation  of 
the  parts  unintelligible.   This  was  done  by  placing  them 
in  a  large  pan  of  sea  water  and  adding  alcohol  slowly  until 
dead,  which  required  from  six  to  eight  hours.   By  this  means 
they  remained  expanded  and  the  vessels  were  relaxed  suffi- 
ciently to  allow  easy  penetration  of  the  injecting  fluid. 


Arterial  System:- 

The  arterial  system  is  not  bilaterally  symmetrical  so 
that  a  description  of  the  arteries  of  each  side  will  be  nee- 
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essary. 

The  heart  lies  in  the  pericardium  just  anterior  to  the 
adductor  muscle  and  mantle  gland.   It  consists  of  a  heavy 
walled  ventricle  and  two  thin  walled  auricles.   Fig.  17-H. 
The  latter  are  elongated  in  the  direction  of  the  longitudi- 
nal axis  of  the  "body  and  are  attached  at  one  extremity  to 
the  tissue  covering  the  retractor  muscle  and  at  the  other 
to  the  adductor.  They  receive  the  blood  from  the  gills 
through  a  short  tube  which  lies  external  to  the  retractor 
muscle,  Pigs.  17-T  and  9t-A. 

The  ventricle  is  a  saddle  shaped  structure  into  which 
the  auricles  open  on  either  side.   It  gives  off  an  anterior 
and  a  posterior  aorta.   The  latter  soon  gives  rise  to  a  large 
branch  which  passes  dorsally  to  the  right  of  the  rectum  and 
enters  the  mantle.   This  artery  divides  into  two  equal 
"branches  at  the  posterior  dorsal  angle  of  the  mantle,  one 
"branch  going  to  the  right  mantle  lobe  while  the  other  goes  to 
the  left. 

The  arteries  of  the  left  mantle  are  represented  in  Fig. 
17,  the  right  mantle  lobe  having  been  removed  and  its  artery 
is  therefore  shown  cut  off.  The  mantle  artery  branches  very 
profusely.   It  will  be  noted  that  there  are  two  parallel 
arteries  connected  by  nimierous  anastomoses.  The  outer  and 
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smaller  of  the  two  is  distriTDuted  to  the  edge  of  the  mantle, 
the  other  "branches  mostly  in  the  opposite  direction  and  sup- 
plies the  greater  part  of  the  mantle.   This  posterior  mantle 
artery  meets  and  joins  with  a  similar  one  from  the  anterior 
end  of  the  body. 

The  posterior  aorta  gives  rise  to  a  second  branch,  which 
is  distributed  to  the  rectum  and  mantle  gland,  and  then  bends 
abruptly  ventrally  and  enters  the  adductor  muscle.  A  small 
branch  continues  over  the  anterior  face  of  the  adductor  and 
goes  to  the  region  of  the  visceral  ganglia  and  kidneys.  Pig. 
18. 

The  anterior  aorta  is  much  the  larger  of  the  two.   On 
the  right  side,  Pig.  17,  it  gives  rise  to  five  branches  which 
go  to  the  reproductive  organ  and  liver.   Three  small  branches 
go  to  the  dorsal  part  of  the  mantle  where  they  spread  an- 
teriorly and  posteriorly  in  the  mid  line.   At  the  anterior 
end  of  the  visceral  mass  the  aorta  gives  off  a  branch  which 
passes  forward  over  the  anterior  retractor  muscle.   Three 
arteries  arise  from  this  branch;  one  to  the  outer  palps,  one 
to  the  mid  dorsal  line  of  the  mantle  and  one  to  the  anterior 
adductor  muscle.   It  then  passes  over  the  anterior  adductor 
and,  at  the  extreme  anterior  end  of  the  body,  divides  into 
two  equal  branches,  one  of  which  goes  to  the  right  mantle 
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lobe  and  the  other  to  the  left.   These  two  hranches  join  with 
the  similar  mantle  arteries  which  arise  from  the  posterior 
aorta. 

« 

The  aorta  after  giving  off  the  artery,  which  has  just 
heen  descrihed  as  passing  ahove  the  anterior  retractor  muscle, 
bends  ventrally  and  divides  into  a  number  of  arteries  which 
are  distributed  to  the  inner  palps  and  byssal  apparatus  and 
foot.   Those  which  go  to  the  byssus  are  paired,  right  and 
lef t i  but  those  to  the  left  side  are  not  represented  in  the 
figure . 

The  arteries  given  off  from  the  aorta  on  the  left  side 
of  the  body  are  represented  in  Pig.  18  and  are  three  in  num- 
ber.  All  three  are  distrib\;ted  to  the  digestive  tract,  to 
some  extent,  as  well  as  to  the  reproductive  organ  and  liver. 
The  middle  one  lies  deep  within  the  visceral  mass  and  follows 
closely  the  coils  of  the  intestine.   The  most  anterior  one, 
besides  giving  branches  to  the  stomach  and  liver,  gives  one 
to  the  byssal  apparatus,  and  posterior  retractor  muscles  of 
the  foot.  Pig.  18-A.  Other  arteries  shown  in  this  figure  have 
already  been  described  as  belonging  to  the  right  side  of  the 
body.  The  main  branches  of  the  arteries  are  constant  in  num- 
ber and  portion  but  the  smaller  ones  are  not  so  constant. 
There  is  so  much  variation  in  these  as  to  be  confusing  to 
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one  who  ig  studyint^  thera.   The  figtires  were  drawn  after  dis- 
secting several  specimens  so  that  they  may  fairly  be  con- 
sidered typical. 


The  Venous  System: - 

The  venous  system  unlike  the  arterial  seems  to  "be  ab- 
solutely symmetrical  so  that  a  description  of  one  side  will 
suffice  for  both.  The  venous  blood  enters  the  kidney  from 
the  visceral  mass  through  a  large  vein  which  rims  diagonally 
over  the  surface  of  the  posterior  retractor  muscle  of  the 
foot.   This  vein  brings  blood  from  nearly  all  parts  of  the 
body,  including  the  foot,  hyssus,  liver,  reprodvictive  organ 
and  digestive  tract.   Tig,  19-V,   There  is  no  venous  sinus 
below  the  pericardium  into  which  the  blood  collects  previous 
to  entering  the  kidney.   The  blood  enters  the  kidney,  as 
stated  above,  through  a  large  vessel  which  breaks  up  into  a 
closed  capillary  system.   After  bathing  the  glandular  cells 
of  the  kidney  the  blood  is  collected  into  a  large  vein  which 
transports  it  to  the  gills  to  be  aerated. 

The  blood  from  the  adductor  muscle,  and  probably  also 
the  mantle  gland,  drains  into  a  sinus  located  on  the  ventral 
surface  of  the  adductor.  This  sinus  communicates  with  the 
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vein  to  the  gills  on  each  side  just  as  it  emerges  from  the 
kidney  and  hence  the  "blood  from  the  adductor  and  mantle  gland 
does  not  enter  the  kidney  hut  goes  directly  to  the  gills. 
Since  this  sinus  communicates  with  both  sides  it  is  possible 
to  inject  the  veins  of  both  sides  from  one  point. 

Besides  the  sinus  just  mentioned  there  is  another  at  the 
base  of  the  foot.  Those  organs  which  are  extended  by  blood 
pressure  therefore  h^ve  sinuses  in  their  immediate  vicinity. 

After  traversing  the  gills  the  blood  is  returned  to  the 
heart  by  two  vessels,  one  of  which  lies  in  the  suspensory 
membrane  and  carries  the  blood  from  the  anterior  half  of  the 
gills,  the  other  bears  the  same  relation  to  the  posterior 
half  of  the  gills  as  the  first  to  their  anterior  portion. 
These  two  vessels  flow  together  to  form  a  single  short  wide 
tube  which  runs  at  right  angles  to  them  and  commimicates 
with  the  auricle.   This  tube  lies  just  anterior  to  the  ad- 
ductor m.uscle  and   runs  over  the  outer  surface  of  the  retractor 
muscle.  Figs.   9  and  Ifi.      Just  before  entering  the  au- 
ricle it  receives  a  vein  from  the  mantle.   The  latter  is 
formed  by  the  union  of  two  mantle  veins,  one  from  their  an- 
terior  and  one  their  posterior  poi-ticns. 

It  will  be  noted  that  the  blood  which  goes  to  the  mantle 

»  A  niAmber  of  small  vessels  from  the  palps  enter  the  distri- 
buting vessel  of  the  gills.   The  direction  of  the  flow  of  the 
blood  in  these  vessels  was  not  deterpjined  but  it  is  proba- 
bly toward  the  gills.  They  may  therefore  be  considered  as  part 

of  the  venous  system* 
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paeses  through  one  capillary  system  before  returning  to  the 
heart,  that  to  the  adductor  and  mantle  gland  passes  through 
two  while  that  to  the  body  proper  passes  through  three, 
those  of  the  body,  kidney,  and  gill.   In  this  respect,  as 
v;ell  as  in  general  plan,  the  circulation  seems  to  be  simi- 
lar in  many  lamellibranches .  The  walls  of  the  veins  in 
general  are  not  so  well  defined  as  those  of  the  arteries. 
When  a  starch  mass  which  had  been  strained  through  fine 
bolting-cloth  v/as  injected  into  the  veins  it  soon  spread 
out  among  the  tissues,  showing  that  the  blood  is  not  con- 
fined in  a  closed  system  of  vessels.  The  arteries,  however, 
divide  into  extremely  small  branches  so  that  it  was  impossi- 
ble to  force  the  injection  mass  to  their  ends. 


The  Adductor  Fiuscles . 
There  are  two  adductor  muscles,  the  anterior  of  which 
is  small  and  practically  useless  so  far  as  could  be  made  out, 
The  posterior  adductor  is  large  and  powerful  and  is  situated 
near  the  middle  of  the  shell.   It  is  composed  of  two  dis- 
tinct kinds  of  fibres  as  indicated  by  a  difference  in  color. 
The  ventral  two  thirds  is  darker  than  the  dorsal  one  third. 
No  attempt  was  made  to  distinguish  physiological  differences 
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in  these  parts,  "but  various  opinions  have  been  given.   Von 
Jhering^   '  experimented  upon  Pecten  to  determine  the  dif- 
ference in  function  of  the  two  kinds  of  fibres.  He  cut  the 
dark  portion  and  found  that  the  remaining  white  portion  con- 
tracted only  very  slowly,  but  it  prevented  the  valves  from 
opening  widely  imder  the  influence  of  the  hinge  ligament. 
He  next  cut  the  v;hite  portion  of  another  specimen  and  foiuid 
that  the  remaining  dark  portion  was  capable  of  very  rapid 
contraction,  but  it  could  not  hold  the  valves  closed  for  any 
considerable  time.   It  also  allowed  the  valves  to  gape  wide- 
ly. He  therefore  concluded  that  it  is  the  function  of  the 
white  portion  to  keep  the  valves  from  gaping  v/idely  and  to 
hold  them  closed  for  a  long  time  when  occasion  demands.   The 
dark  portion  according  to  his  viev/  is  the  real  muscle  to 

(ri\ 

which  the  contractions  are  due.   J.  L.  Kellogg^  '   holds  the 
opposite  opinion,  that  it  is  the  white  portion  which  is 
contractile,  and  that  the  dark  part  is  for  the  purpose  of 
keeping  the  valves  tightly  closed. 

In  Atrina  the  mantle  muscles  are  white  and  are  capable 
of  rapid  contraction,  while  the  anterior  adductor  and  foot 
retractor  muscles  which  are  also  white,  scarcely  contract  at 
all.  The  white  muscle  fibres  of  lamellibranches  may  there- 
fore be  quick  or  sluggish  in  their  contractions.   Von 
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Jhering  is  the  only  investigator  who  has  isolated  the  two 
kinds  of  fibres  to  test  them  and  his  results  seem  conclu- 
sive, although  Pelsenecr  and  Kellogg  have  opposed  his 
view. 


The  Retractor  ruscles  of  the  Foot . 
There  are  two  pairs  of  foot  retractors,  one  posterior 
and  the  other  anterior.   The  latter  is  so  situated  that  the 
foot  would  he  extended  by  its  contraction  rather  than  re- 
tracted but  it  is  customary  to  call  this  pair  of  niuscles-- 
retractors .  As  a  matter  of  fact  none  of  these  muscles  has 
any  considerable  power  of  contraction.   Their  function  seems 
rather  to  be  to  support  the  body.   They  suspend  it  in  the 
manner  of  a  hammock.   Pig.  19,  The  anterior  retractors 
are  cylindrical  and  composed  of  white  fibres.   At  one  end 
they  are  inserted  into  the  anterior  surface  of  the  foot, 
while  at  the  other  they  are  attached  to  the  shell  just  pos- 
terior to  the  anterior  adductor  muscle.   Pig.  19,  AR.    The 
posterior  retractor  muscles  appear  large  in  the  drawings, 
being  attached  at  one  end  to  the  base  of  the  foot  and  at  the 
other  to  the  shell  just  anterior  to  the  posterior  adductor 
muscle.  Pig.  19  PR.    This  structure  in  reality  consists  of 
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two  parts,  the  tyssal  apparatus  and  the  muscle  proper. 
These  retractor  muscles  have  become  very  much  reducea. 
They  no  longer  serve  to  retract  the  foot  but  have  taken  on 
a  new  fxmction,  that  of  supporting  the  byssus. 


The  Visceral  Mass . 
The  main  body  of  the  visceral  mass  is  approximately 
cone  shaped,  with  the  apex  at  the  anterior  end.   It  is 
slightly  flattened  dorse- ventrally  and  at  the  posterior  end 
there  is  a  slender  horn  which  projects  back  belcw  the  peri- 
cardium betv/een  the  posterior  retractor  muscles.   Its  hinder- 
most  extremity  rests  upon  the  adductor  muscle.  "Pigs.  18  and 
9-M,  The  visceral  mass  includes  the  digestive  ana  repro- 
ductive organs.   The  liver  which  surrounds  the  stomach  fills 
the  anterior  part.  The  reproductive  organs  fill  the  remain- 
der of  the  space  not  occupied  by  the  coils  of  the  intestine. 
The  sexes  are  separate  and  are  easily  distinguished  by  the 

color  of  the  reproductive  organ  which  shows   throxAgh  the  thin 
body  wall.   The  testis  is  white  as  shown  in  Pig.  16,  while 

the  ovary  is  orange  red.  The  main  duct  which  carries  the 

reproductive  elements  to  the  exterior  opens  into  the  kidney 

very  near  the  renal  aperture.  Pig.  6-G.  Fertilization  of 

the  eggs  takes  place  after  they  are  extruded  into  the  water. 
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The  ^oot  &  EysBUs. 
The  foot  is  cone  shaped  and  is  attached  to  the  anterior 
end  of  the  visceral  mass.   At  its  base  a  large  opening, 
from  v;hich  the  byssus  protrudes,  is  to  be  found.   Pig.  16. 
Prom  this  point  a  groove  extends  along  the  ventral  surface 
of  the  foot  to  a  point  near  its  tip.  Pig.  14-G.  The  byssal 
gland  is  situated  in  the  floor  of  this  groove  and  is  contin- 
ued back  of  the  foot  into  the  posterior  retractor  muscles. 
The  foot  can  be  protruded  and  it  is  probably  of  service  in 
attaching  the  byssus. 


The  Kidney, 
The  kidneys  are  two  in  number  and  each  consists  of  a 
glandular  and  a  non-glandular  portion.   They  lie  betv/een  the 
gills  on  the  ventral  side  of  the  body,  just  anterior  to  the 
adductor  muscle.  They  hang  down  into  the  central  suprabranch- 
ial  chamber  as  tv;o  dark  colored  bags,  and  are  very  conspic- 
uous organs,  requiring  no  dissection  to  expose  them.   Pig. 
20-^.   Fach  is  in  open  communication  with  the  pericardial 
chamber  above,  and  each  opens  belov»r  into  the  suprabranchial 
chamber  by  a  large  tube  which  ends  at  the  summit  of  a  papilla. 
The  glandular  portion  forms  the  prominent  sac  mentioned 
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above  and  lies  about  midway  "betv/een  the  two  extremities  of 
the  kidney.   For  convenience  of  description  the  kidney  may 
he  divided  into  three  portions:   1st,  a  tube  A,  Fig.  6  which 
opens  into  the  pericardivuni  2nd,  a  short  tube  B  which  opens 
to  the  exterior;  3rd,  a  central  pouch  £  into  which  the  tubes 
A  and  B  open  at  their  inner  ends.   This  central  pouch  is 
large  and  irregular  in  shape.   One  branch  of  it  extends  up- 
ward over  the  posterior  retractor  of  the  foot  and  ends  be- 
neath the  pericardium.  Fig.  6-E.   This  portion  of  the  kid- 
ney is  probably  homclcgous  with  a  kidney-like  organ  which 

(5) 

Grobben    found  in  a  number  of  lamellibranches  extending 

as  a  fold  into  the  pericardium,  and  connected  below  with  a 
large  sinus  v/hich  he  believed  to  belong  to  the  kidney.  In 
Atrina,it  is  plainly  a  branch  of  the  main  kidney. 

The  glandular  portion,  Fig.  6-H,  is  located  at  the  pos- 
terior and  "outer  end  of  the  main  pouch.   It  is  quite  ex- 
tensive and  is  cole  red  dark  brown  on  account  of  the  reddish 
brown  excretory  material  which  is  enclosed  by  its  cells. 
All  other  parts  of  the  kidney  appear  colorless  and  thin  wall- 
ed. 

It  will  be  noticed  that  this  kidney  differs  considera- 
bly from  the  usual  type  which  is  typically  a  coiled  tube. 
In  the  form  under  consideration  it  may  once  have  been  a  true 
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coiled  pouch.   Its  transformation  may  have  come  about  by  the 
fusion  of  the  tv/o  branches  of  the  central  loop  to  form  the 
single  large  pouch. 

While  working  with  living  specimens,  I  frequently  saw 
quantities  of  yellowish-brown  material  expelled  from  the 
kidneys.  When  examined  under  the  microscope,  this  material 
proved  to  consist  of  very  numerous  vacuolated  cell-like 
bodies,  which  were  filled  with  yellowish-brown  or  reddish- 
brown  globules  of  excretory  matter.   Each  excreted  body  had 
a  tuft  of  extremely  long  cilia  which  were  still  active. 
Pig.  7.   After  collecting  and  fixing  some  of  thie  excreted 
matter,  I  stained  it  with  iron-alum  haematoxylin  to  see  if 
there  were  nuclei  present .  None  were  found  and  I  believe 
that  none  are  thrown  off.  Paraffin  sections  of  the  glandular 
portions  of  the  kidney  show  the  epithelial  cells  to  be  great- 
ly vacuolated  and  filled  with  this  excretory  matter.   Pig.  8. 
The  vacuole  is  located  in  the  outer  end  of  the  cell  and  there 
is  very  little  protoplasm  surrounding  it.  The  nucleus  is 
seen  in  the  basal  end  of  the  cell  amd  is  surrounded  by  dense 
protoplasm.   Certain  cells  show  a  constriction  below  the 
vacuole,  as  if  they  were  in  process  of  being  divided.   Other 
cells  show  this  process  farther  advanced,  and  appear  as  if 
they  were  drawn  out  by  some  force  which  was  stretching  them 
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into  two.  The  nuclei  in  these  cells  are  to  be  seen  in  the 
basal  half,  and  it  appears,  also,  that  very  little  cyto- 
plasm is  thrown  off  with  the  vacuole.  This  method  of  excre- 
tion, although  lincommon,  is  not  especially  wasteful,  as 
would  appear  from  the  statements  of  investigators  who  have 
written  upon  this  subject  and  maintained  that  the  entire  cells 
are  excreted  in  the  mollusks  studied  by  them.   Of  course 
this  may  take  place  in  some,  but  excretion  in  Atrina  is  not 
of  that  wasteful  character. 


The  Digestive  Tract. 

The  stomach  is  a  large  as^onetrical  pouch  which  adheres 
closely  to  the  dorsal  wall  of  the  visceral  mass.   On  the 
left  side  it  is  attached  to  the  ventral  wall  by  a  strand  of 
muscle  tissue.   The  ducts  of  the  liver  open  into  it  at  tv^o 
points,  one  on  the  right,  and  one  on  the  left.  Pig.  9-D. 
A  part  of  the  epithelivira  lining  the  roof  of  the  stomach  is 
differentiated  as  a  conspicuous  gland  v.-hich  forms  a  promi- 
nent ridge  vrithin  the  cavity  of  the  stomach.   The  anterior 
end  of  the  crystalline  style  adheres  closely  to  this  gland. 

The  intestine  originates  at  the  posterior  end  of  the 
etomach  and  passes  to  the  extreme  posterior  end  of  the  vis- 
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ceral  mass,  ^vhere  it  bends  sharply  to  the  right  and  passes 
anteriorly  as  far  as  the  stomach.   It  then  makes  a  large  loop 
and  again  passes  posteriorly,  traverses  the  ventricle  and 
mantle-gland  to  end  behind  the  adductor  muscle.  Pig.  9, 

The  part  of  the  intestine  nearest  the  stomach  possesses 
a  feebly  developed  typhlcsole,  while  the  remainder  has  it 
very  strongly  developed.   A  large  crystalline  style  lies  in 
the  part  of  the  intestine  which  has  the  typhlosole  feebly  de- 
velcped.   This  crystalline  body  is  largest  near  the  stomach 
and  tapers  gradually  to  a  point  and  ends  just  beyond  the 
first  bend  of  the  intestine,  where  the  typhlosole  becomes 
prominent.  The  latter  str\icture  is  much  swollen  and  gela- 
tinous at  this  point,  so  that  it  almost  obliterates  the  cavi- 
ty of  the  intestine. 

Several  theories  have  been  advanced  to  explain  the 
nature  of  the  crystalline  style.  Mytra^   '  seems  to  have 
shown  pretty  conclusively  that  it  contains  an  enzyme  which 
will  digest  starch.   He  thinks  it  is  a  secretion  from  the 
liver.   Pelseneer^''""^^  has  held  for  a  long  time  that  its  func- 
tion is  that  of  protection.  He  thinks  it  forms  a  protective 
coat  for  the  intestine  and  surroimds  rough  particles  of  sand 
and  diatom  shells  v/hich  might  otherwise  injure  the  delicate 
tissues.   I  find  a  structureless  coat  or  cuticle  of  some  kind 
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lining  a  considerable  part  of  the  wall  of  the  intestine. 
This  may  he  forined  from  the  crystalline  style  and  may  serve 
to  protect  the  epithelial  lining  of  the  intestine. 


The  Nervous  System. 

The  central  nervous  system  consists  of  three  pairs  of 
ganglia  which  are  connected  by  nerve  tracts,  or  commissures, 
in  the  usual  way.   One  member  of  each  pair  of  ganglia  is 
situated  on  the  right  side  of  the  body  and  the  other  direct- 
ly opposite  it  on  the  left.  Each  ganglion  supplies  nerves 
to  tissues  situated  on  its  own  side  of  the  body  only  and 
since  those  of  the  right  and  left  are  alike  in  niomber  and 
distribution  they  will  be  described  as  coming  off  in  pairs. 
The  pedal  ganglia  are  fused  more  or  less  to  form  a  single 
mass  but  the  line  of  separation  is  plainly  discernible. 
Pig.  10  PG.    They  are  situated  at  the  base  of  the  foot  and 
they  give  off  three  pairs  of  nerves  posteriorly  which  are 
distributed  to  the  byssal  apparatus  and  retractor  muscles  of 
the  foot.   They  also  give  rise  to  one  pair  of  nerves  from 
their  lower  anterior  surfaces  which  penetrate  the  foot . 

The  cerebral  ganglia  are  situated  v/ide  apart,  there 
being  one  on  each  side  of  the  oesophagus.   They  are  connect- 
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ed  by  a  nerve  ring  which  passes  over  the  oesophagus.  Pigs. 
10  and  12,  CC.   They  give  off  a  num"ber  of  nerves,  usually 
seven  pairs,  to  the  palps.   A  very  large  nerve  leaves  the 
anterior  end  of  the  ganglion  and  passes  parallel  to  the 
cerehral  connective  for  a  short  distance  and  then  tends  out- 
ward and  enters  the  mantle.   Just  before  it  enters  the  mantle 
it  gives  off  a  branch  which  continues  for^vard  for  a  short 
distance  above  the  ainterior  retractor  muscle  of  the  foot. 
This  branch  then  bends  outward  and  ventrally,  penetrates  the 
tissue  of  the  retractor  muscle,  from  which  it  finally  emerges 
and     enters  the  anterior  adductor.  Pig.  12.  The  mantle 
nerve  having  entered  the  mantle  divides  into  a  nvunber  of 
branches  all  of  which  unite  with  the  circumpallial  nerve, 
to  be  described  later.  Each  cerebral  ganglion  communicates 
with  the  corresponding  pedal  ganglion  by  a  short  thick  con- 
nective. A  complete  nerve  ring  is  thus  formed  around  the 
oesophagus.  Pig.  10. 

The  visceral  ganglia  are  situated  on  the  ventral  face 
of  the  adductor  just  posterior  to  the  kidney.  They  lie  near 
together  and  are  connected  by  a  very   thick  commissure  which 
contains  many  nerve   cells.   Fig,  11  and  12,  VG. .   A  large 
cerebrovisceral  connective  passes  through  the  kidney  and  vis- 
ceral mass  between  the  cerebral  and  visceral  ganglia.   Fig. 
12  C.   The  visceral  ganglia  give  off  four  pairs  of  nerves  to 
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the  posterior  which  pass  over  the  ventral  surface  of  the 
adductor.   Fig.  19.   Three  of  these  finally  "bend  outwards 
and  enter  the  mantle.   Their  course  in  the  mantle  may  be 
seen  in  Fig.  12.  Most  of  the  "branches  of  these  nerves  vinite 
with  the  circumpallial  nerve  but  a  few  from  the  most  anterior 
of  the  three  lose  themselves  in  the  tissue  of  the  mantle. 
The  fourth  pair  of  nerves,  described  above  as  lying  on  the 
ventral  surface  of  the  adductor,  does  not  reach  the  mantle 
but  passes  near  the  rectum  and  enters  the  muscles  of  the 
mantle  gland.   Judging  from  their  close  connection  with  the 
muscles  of  this  organ  one  is  led  to  believe  that  they  are 
distributed  to  the  muscles  only.  Another  pair  of  nerves 
which  arises  from  the  visceral  connectives  Fig.  11-5,  passes 
on  the  surface  of  the  adductor  in  the  opposite  direction  from 
those  just  described  and  enters  the  tissue  of  the  mantle 
gland.   These  nerves  are  most  likely  distributed  to  the  gland- 
ular portion  of  this  structure  since  they  do  not  seem  to  be 
closely  associated  with  muscles.   The  other  nerves  which  be- 
long to  the  visceral  ganglia  are  the  following:   a  pair  of 
large  nerves  which  penetrate  the  adductor  muscles,  Fig.  11-6, 
a  large  pair  to  the  posterior  portions  of  the  gills,  Fig. 
11-7,  and  a  pair  of  -very   small  nerves,  Fig.  11-8  which  are 
distributed  to  the  kidneys.   I  have  been  unable  to  find  the 
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nerves  to  the  anterior  part  of  the  gills.   These  nerves 
however  arise  from  the  visceral  ganglia  as  can  be  proven  by 
experimental  methods.   If  the  gills  are  isolated  from  the 
cerebral  and  pedal  ganglia  by  cutting  all  possible  connec- 
tives, they  will  still  contract  when  the  posterior  part  of 
the  mantle  is  stimulated.   The  anterior  part  of  the  gills 
will  contract  under  these  conditions  even  after  the  large 
nerve  to  the  posterior  part  of  these  organs  has  been  cut.   It 
is  therefore  evident  that  the  nerve  supply  of  the  gills  comes 
entirely  from  the  visceral  ganglia. 

The  circumpallial  ner-ve   lies  near  the  edge  of  the  mantle 
to  which  it  gives  off  numerous  small  nerves.  Pig.  12,  CP. 
It  runs  entirely  around  the  mantle,  passing  across  the  mid 
line  at  either  end,  and  thus  forms  a  complete  ring.  Although 
it  seems  to  contain  many  nuclei  it  has  no  motor  nerve   cells. 
If  the  nerves  from  the  cerebral  and  visceral  ganglia  are  cut 
the  mantle  is  paralysed.   The  nuclei  which  might  be  mistaken 
for  nerve  cells  probably  belong  to  the  nerve  sheath. 

A  number  of  experiments  were  performed  to  determine 
which  parts  of  the  body  are  supplied  with  nerves  from  each 
ganglion.   The  experimental  and  anatomical  evidence  agree 
and  there  seeme  to  be  little  if  any  overlapping.   Each 
ganglion  seems  to  supply  its  own  definite  regions  of  the 


52 


body.  The  visceral  ganglion  controls  the  posterior  part  of 
the  mantle,  posterior  adductor  muscle,  gills,  mantle  gland 
and  kidneys.   The  cerebral  ganglia  control  the  anterior  part 
of  the  mantle,  the  palps,  anterior  adductor  and  anterior  re- 
tractor muscles.   The  cerebral  and  pedal  ganglia  together 
control  the  foot,  posterior  retractor  muscle  and  byssus.  The 
nerves  to  the  viscera  and  heart  were  not  discovered.   A  more 
complete  account  of  the  experimental  study  of  the  nervous 
system  of  this  form  is  given  in  a  paper  published  in  the 
Johns  Hopkins  University  circular  for  June  1909.  The  most 
interesting  feature  of  this  work  was  the  discovery  of  re- 
flexes.  For  example:   When  the  mantle  is  stimulated  gently 
opposite  the  anterior  end  of  the  gills,  the  anterior  part 
of  the  gills  contract  while  the  posterior  part  of  these 
organs  remains  quiet.  A  stronger  stimulus  causes  the  whole  of 
the  gills,  as  well  as  other  parts, to  contract. 


Sense  Organs* 
Otoc3'-stg; 

The  otocyst  in  Atrina  is  located  very  near  the  tip  of 
the  foot  and  has  therefore  a  very  unusual  position.  Tig.  12, 
O.T.   It  varies  greatly  in  size  in  different  specimens  and 
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seens  to  "be  a  degenerating  organ.   In  some  specimens  it  was 
found  to  be  an  extremely  small  sac  lined  by  ciliated  epithe- 
lixim  containing  no  otolith.   In  others  it  is  a  large  lobed 
structure  with  an  otolith  in  each  lobe.   The  otoliths,  Pig. 
13-0  show  a  concentric  structure.   Pig. 14  represents  a  re- 
construction of  the  otocyst  from  a  series  of  sections  and 
shows  that  in  this  specimen  there  were  two  or  three  otocysts 
in  place  of  one,  the  usual  nvunher.  There  are  three  ciliated 
canals  leading  in  toward  the  otocysts  from  the  outside  and 
although  they  could  not  be  traced  into  the  otocysts  they 
cauae  so  near  that  there  is  scarcely  any  doubt  but  that  they 
are  the  tubes  formed  by  the  invagination  of  the  ectoderm 
which  gave  rise  to  the  otocysts  Pigs.  13  and  15-C.   The  evi- 
dence indicates  therefore  that  there  are  three  otocysts,  in 
this  specimen,  formed  by  independent  invaginations  of  the 
ectoderm.   Some  of  the  numerous  lobes  seen  in  Fig.  14  were 
formed  by  division  of  the  original  otocysts.   Some  of  the 
lobes  are  completely  separate  from  the  rest  while  the  cavi- 
ties of  others  communicate  with  those  of  their  neighbors. 
If  there  is  a  nerve  connected  with  the  otocyst  it  was  not  dis- 
covered. 

Osphradium. 

The  osphradiam  consists  of  a  small  patch  of  sensory 
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epithelium  situated  directly  ventral  to  the  visceral  gang- 
lion at  the  origin  of  the  branchial  nerve.  Pig.  20-0.   It 
is  large  enough  to  be  seen  without  magnification  and  appears 
to  be  colorless.  When  examined  under  the  microscope  ho/vever 
its  cells  are  seen  to  contain  a  yellow  pigment.  Nerve  fibres 
are  distributed  to  the  osphradium  from  a  ganglionic  mass 
which  surrounds  the  base  of  the  branchial  nerve.   This  ner- 
vous tissue  appears  to  be  a  part  of  the  visceral  ganglion 
but  Pelseneer  insists  that  the  osphradium  receives  its  nerve 
supply  from  the  cerebro-visceral  commissure  and  hence  from 
the  cerebral  ganglion.   I  have  no  preparations  to  show  that 
this  is  the  case.  This  sense  organ  is  said  to  be  used  for 
testing  the  purity  of  the  water,  v^hatever  that  may  mean, 

I  am  indebted  to  Prof.  W.  K.  Brooks  v/ho  suggested  that  I 
should  undertake  the  study  of  the  anatomy  of  Atrina.  My 
thanks  are  due  especially  to  Prof.  E.  A.  Andrews  under  whose 
direction  this  work  has  been  done  and  who  has  offered  many 
helpful  suggestions  and  stimulated  my  interest  in  biologi- 
cal study.   To  Geo.  M.  Bowers,  U.S.  Commissioner  of  fish  and 
fisheries,  I  am  indebted  for  the  use  of  a  table  at  the  fish- 
eries laboratory  at  Beai:fort,  IT.C,  during  the  summers  of  1908 
and  1909i  to  H.  D.  Aller,  Director  of  the  laboratory , for  many 
conveniences  while  there,  and  for  assistance  in  procuring 
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material;  to  Prof.  G.  A.  Drew  for  counsel  and  BUggestions, 
and  to  Prof.  Wm.  H.  Dall,  of  the  Smithsonian  Institution,  for 
the  determination  of  the  species  and  the  free  use  of  his 
library. 
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Summary . 

1.  The  arterial  system  of  the  two  sides  is  not  sjonmet- 
rical,  as  may  "be  readily  seen  by  a  comparison  of  Figxires  17 
and  18,  which  represent  the  arteries  of  the  right  and  left 
sides  respectively. 

2_,   The  venous  system  lacks  the  "sinus  venosus"  which  is 
commonly  present  in  lamellibranchs  and  which  receives  the 
blood  from  all  parts  of  the  body  previous  to  entering  the 
kidney.  This  sinus  or  a  substitute  for  it  is  a  necessary 
part  of  the  mechanism  described  by  Menegaux  for  extruding  the 
foot  and  other  organs  whose  movement  is  due  to  blood  pressure. 

3_.  The  blood  in  traversing  the  kidney  passes  through 
a  closed  capillary  system. 

4_.  The  blood  which  enters  the  gills  must  pass  through 
a  capillary  system  before  emerging  again. 

5_.  There  is  no  pallial  line  but  the  mantle  is  attached 
to  the  shell  at  a  single  point  just  ventral  to  the  adductor 
muscle.  As  a  consequence  the  mantle  can  be  drawn  in  a  con- 
siderable distance  from  the  edge  of  the  shell.  A.fter  being 
contracted  the  mantle  again  reaches  the  edge  by  creeping  out- 
wards upon  the  shell. 
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6.  The  spines  on  the  outer  surface  of  the  shell  are 
formed  "y   little  tongues  of  the  mantle  which  creep  out  into 
them  during  their  growth  period. 

7_.  The  mantle-gland  which  Menegaiox  calls  the  "Appen- 
dice"  is  probably  a  "swab"  for  keeping  the  mantle  free  from 
dirt . 

8_.  The  kidney  excretes  vacuoles  containing  quantities 
of  concretions,  but  little  protoplasm  and  no  nuclei  are 
throvm  off. 

£,  Each  ganglion  supplies  a  definite  region  of  the  body 
and  there  is  little  over-lapping.  Reflex  arcs  were  sho'.vn  to 
exist . 

10.   The  otocyst  is  located  in  the  end  of  the  foot  far 
from  the  pedal  ganglion  and  is  a  variable  structure,  some- 
times consisting  of  as  many  as  eight  lobes  and  sometimes  of 
only  one.   In  one  instance  three  separate  ciliated  tubes  con- 
necting them  with  the  outside  were  discovered.  This  indi- 
cates that  they  have  arisen  from  three  separate  invaginations 
of  the  ectoderm.   This  is   the  first  instance  of  this  sort 
found  in  lamellibranchs  above  the  protobranchia. 
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Explanation  of  the  Figures » 

Fig.  1.  K.  Surface  view  of  a  small  portion  of  the  shell  high- 
ly magnified;  B.  a  transverse  section  of  the  same, 
showing  prismatic  structure, 

7i£.__2.    Diagramatic  cross-section  of  the  body,  showing  the 
relation  of  the  gills  to  the  other  parts,  A.,  long- 
itudinal folds  in  the  mantle  edge,  B,  suspensory 
membrane i  C,  direct  lamella  and  D.  reflexed  lamel- 
lae of  the  gill;  7.    ridge  on  the  mantle  to  which 
the  reflexed  lamella  of  the  gill  is  attached,  ^t 
interlamellar  junctions.   1,  2  and  3,  supra  branch- 
ial passages. 

?ig.  3^,    Camera  drawing  of  a  section  of  the  gill  cut  at 

right  singles  to  the  filaments.   A.  modified  fila- 
ment at  the  summit  of  the  fold  containing  goblet 
cells;  B.  interlamellar  connective,  C.  chitinous 
rod;  D.  large  vessels  of  the  gill,  M.  muscle  bun- 
dle; N",  nerve  ^  P.  filaments. 

Pig,  4.    Diagramatic  representation  of  a  portion  of  one 

lamella  of  the  gill.   The  arrows  show  the  direc- 
tion of  the  flow  of  the  blood.   V  and  V^  larger 
vessels;  P,  filajnent,  I.  inter-f ilamentar  connec- 
tive; B.  cut  end  of  the  interlamellar  connectives. 
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Pig.  5_.    Transverse  section  of  a  single  filament  greatly 
enlarged.   C.  cuticle  lining  the  "blood  space. 

Pig.  6_.    Drawing  to  show  the  kianey.  P.  pericardium, 

A.  tube  opening  into  the  pericardium  at  one  end 
and  into  C,  the  middle  bag-like  portion  of  the 
kidney  at  the  other;  B.  tube  connecting  kidney 
with  the  exterior,  H.  glandular  portion  of  the 
kidney;  E.  the  horn-like  projection  of  the  kid- 
ney which  lies  exterior  to  the  retractor  muscle 
of  the  foot  and  extends  up  beneath  the  pericar- 
dium; 0.  renal  aperture;  G.  duct  of  the  reproduc- 
tive organ  v/hich  joins  the  kidney  near  the  renal 
aperture. 

Pig.  7_.    Pome  of  the  vacuolated  bodies  excreted  by   the 

kidneys.   They  are  the  ends  of  cells  v;hich  have 
been  constricted  off.  Note  the  long  cilia  and 
concretions  of  waste  matter. 

Pig.  8^.  Camera  drawing  of  the  excretory  epitheliujn  of  the 
kidney  showing  the  method  of  pinching  off  vacuoles 
of  excretory  matter.  Note  that  the  nucleus  is  not 
excreted. 
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Pig.  9_.    Drawing  to  shovv-  the  digestive  tract,  l' .  visceral 
mass,  A.  afferent  vein  leading  from  the  gills  to 
the  heart  here  shown  cut  off,  0.  mouth;  F.  stomachi 
D.  opening  of  liver  into  the  stomach,  I.  intestinei 
R.  recttm  which  traverses  the  ventricle;  G.  man- 
tle gland. 

Fig.  10.    C.Ct.  cerehral  ganglia,  P.G.  pedal  ganglia,  C.C. 
Bupra   oesophageal  connective,  M.  nerve  to  the 
mantle  and  anterior  adductor;  1-6.  nerves  to  the 
palps;  C.V.  cerebro  visceral  connective. 

Pig.  11.   Visceral  ganglia.   1,  2  and  3.  mantle  nerves,  4 

and  5  to  mantle  gland,  6.  to  adductor  muscle, 

7.  to  gills;  8.  to  kidney,  9.  cerebro  visceral 
connective . 

Pi£.  12_.   Drawing  of  the  nervous  system  to  show  the  distri- 
bution of  the  mantle  nerves  and  relative  position 
of  the  ganglia.   C .  G,  cerebral  ganglia,  P.O.  pedal 
ganglia;  V.G.  visceral  ganglia;  C.  cerebro  vis- 
ceral connective;  1,  2  and  3.  mantle  nerves  from 
the  visceral  ganglia;  4.  mantle  nerve  from  cerebral 
ganglia;  C.P,  circum  pallial  nerve, O.T. to  otocyst. 
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Fi£.  13_.   Camera  drawing  of  a  section  through  the  otocyst. 
0.  otolith  showing  a  concentric  structure,  E. 
ciliated  epithelium  lining  the  otocyst,  C .  ciliat- 
ed tuhe  belonging  to  the  otocyst  and  opening  to 
the  exterior  en  the  surface  of  the  foot. 

-Pig.  14.   Reconstruction  of  the  lobed  otocyst. 

Fig.  15 .    Semi  diagramatic  drawing  of  a  transverse  section 
of  the  foot  (outlined  v/ith  a  camera  lucida). 
0.  otocyst;  C.  ciliated  tube  belonging  to  the 
otocyst;  B.  byssal  gland,  G.  ventral  groove  of 
the  foot;  M.  circular,  longitudinal  and  trans- 
verse muscles  of  the  foot;  U,  nerves^  E.  epithelium; 

P.M.  primitive  mesoblast. 

Plate  !_. 

Pig.  16 .   Drawing  of  a  specimea  natural  size  to  show  the  re- 
lative position  and  appearance  of  the  various  or- 
gans.  One  shell  valve,  one  mantle  lobe,  and  the 
posterior  half  of  the  gills  of  one  side  have  been 
removed,   P.  posterior  adductor,  A.  anterior  ad- 
ductor; C.  posterior  retractor  of  the  foot,  P. 
palps;  G.  gill;  P.  foot;  B.  byseus;  M.  mantle 
gland;  R,  rectum;  K.  the  portion  of  the  kidney  which 
communicates  v;ith  the  pericardium;  D.  ciliated 
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canal  of  the  mantle  which  carriee  debris  from  the 
mantle  chamber. 

Plate  II_. 
Pig.  17.   Drav/ing  of  the  arteries  of  the  right  side  of  the 

body  and  of  the  left  mantle  lobe,  the  shell,  right 
mantle  lobe,  gills  and  kidneys  having  been  removed. 
H.  heart;  T.  tube  which  carries  the  blood  from 
the  gills  to  the  auricle,  here  shown  cut  off  just 
below  the  auricle;  V.  anterior  aorta,  P.  posterior 
aorta ;M. mantle  artery; G. cerebral  and  Xjedal  ganglia. 

O.P.and.  I. P. arteries  tc  the  outer  and  inner  palps 
respectively. 

Pig.  18.   Drawing  of  the  arteries  of  the  left  side  of  the 
body,  the  shell,  left  mantle,  gills,  posterior 
retractor  muscles  of  the  foot  and  kidneys,  hav- 
ing been  removed.  M.  visceral  mass,  A.  artery 
to  the  retractor  muscles  which  have  been  removed. 
The  distribution  of  the  other  arteries  is  easily 
made  out  in  the  drawing.   Only  the  main  trunk 
of  the  mantle  arteries  is  shown  here  but  they 
are  similar  to  those  represented  in  Pig.  17, 

Plate  III. 
Pig.  19.   Drawing  of  the  principal  veins  of  the  right  side 
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of  the  body.   The  shell,  right  mantle  lobe  and 
gills  having  been  removed.  P.R.  posterior  retract- 
or muscle  of  the  foot;  A.R.  anterior  retractor  of 
the  foot,  V.  the  large  venous  trunk  which  enters 
the  kidney  and  breaks  up  into  capillariae,  1,  2 
and  3,  veins  from  the  foot  and  byssal  apparatus. 
They  receive  blood  from  a  large  sinus  which  lies 
just  at  the  base  of  the  foot,  K.  the  vein  which 
gathers  the  blood  from  the  kidney  and  carries  it 
to  the  gills.   It  is  here  shown  cut  off  at  the 
point  where  it  entered  the  gills. 

Fig.  20.   Drawing  of  a  specimen  ventral  side  up,  to  show 
the  veins  which  enter-  the  kidneys  and  those 
which  emerge  from  them.   The  shell,  part  of  the 
left  mantle  and  the  gills  of  the  left  side  have 
been  removed.   One  kidney  is  cut  open  to  show 
that  the  large  vein  upon  entering  the  kidney 
breaks  up  into  capillaries. 

K.  kidney,'  0.  osphradiumi  1,  2  and  3, mantle 
nerves  from,  the  visceral  ganglion  which  lies 
upon  the  adductor  muscle  at  the  posterior  end 
of  the  kidneysi  V.  vein  entering  the  kidney 
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(the  same  as  the  vessel  labled  V  in  Pig.  19 )i 
X.  the  vessel  which  carries  the  blood  from  the 
kidney  to  the  gills;  Y.  the  vessel  which  receives 
the  blood  from  vessel  X  and  distributes  it  to 
all  parts  of  the  gill;  R.  rectum;  M.  mantle 
gland . 
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